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1 Introduction 7 are two points to consider for the modeling: (i) functional linear models need 8 to be extended to incorporate interaction between climate functions; (ii) since 9 we have spatial data, observations cannot be considered as independent and 10 we also need to extend functional modeling to account for spatial correlation. 11 We assume that the temperature and precipitation functions are square integrable random functions defined on some real compact set [0, T ]. The very general model can be written as: Y = f ((θ(t), π(t)) T >t>0 ) + ε 12 f is an unknown functional from L 2 ([0, T ]) × L 2 ([0, T ]) to R and ε is a spatial 13 stationary random field with correlation function ρ(.). 14 We assume here that the functional f may be written as the sum of linear 15 terms in θ(t) and π(t) and a bilinear term modeling the interaction
by the Riesz representation of linear and bilinear forms.
18
Let (e k ) k>0 be an orthonormal basis of L 2 ([0, T ]). Expanding all functions on this basis we get
c kℓ e k (t)e ℓ (u) and
If the sums are truncated at k = ℓ = K the problem results in a linear 2 regression Y = µ + Xφ + ε with spatially correlated residuals with
In order to estimate the regression and the correlation function parameters we 5 proceed by Quasi Generalized Least Squares: a preliminary estimation of φ is 6 given by Ordinary Least Squares, φ * = (X t X) −1 X t Y , the correlation function 7 is estimated from the residuals ε = Y − Xφ * and the final estimate of φ is 8 given by plugging the estimated correlation matrix Σ in the Generalized Least
If both estimations of φ and Σ are 10 convergent and assuming normal distribution of the residuals then [9]:
The estimation of Σ is convergent under mild conditions [4] and the conver- We aim to predict genetic diversity with precipitation and temperature curves. The shape of the coefficient function A shows that the term A, θ will be 1 higher when the gap between periods before 7.5 Kyears and after 7.5 Kyears 2 is higher (temperatures before 7.5 Kyears are mostly negative), meanwhile the 3 shape of the coefficient function B shows that the term B, π will be higher 4 when the precipitation before 7.5 Kyears is higher (precipitation is positive).
5
The surface of kernel C is obviously not the product of two curves in the two 6 coordinates, showing an effect of interaction.
7
In Figure 5 the residual variogram graph exhibits some spatial dependence.
8
An exponential variogram is fitted, and the resulting covariance matrix is 9 plugged into the GLS formula to update the coefficients and test the effects 10 of the temperature, precipitation and interaction. Table 1 gives the analysis of variance of the four nested models: Table 1 Analysis of variance models of nested models 
